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Abstract: Aim: The present study was designed to develop and validate High Performance thin layer chromatographic system (HPTLC) for simultaneous quantitative determination of berberine and rutin in Tinospora cordifolia extract and their pharmaceutical preparations. 
Method: The chromatographic development was done using a blend of n-hexane, ethyl acetate, glacial acetic acid and methanol (10:1.1: 1.1: 2.5) (v/v/v/v) as the mobile phase. Detection was completed densitometrically at 254 nm. 
Results: The Rf estimation of Berberine and rutin was observed to be 0.67 ± 0.02 and 0.47 ± 0.02 respectively. Developed HPTLC method was validated according to ICH guidelines and method was specific, linear, accurate and can be used to determine berberine and rutin in marketed herbal preparations. The Tinospora cordifolia plant extract was further evaluated for antioxidant activity using HPTLC and berberine was found to be more active than rutin during DPPH scavenging activity.
Conclusion: The method was found simple, rapid, accurate, speciﬁc and robust for the analysis of berberine and rutin in crude drug using the same method.















Tinospora cordifolia commonly known as guduchi [1] is a climbing shrub of the medium size found in Burma, Ceylon, and China. Due to its property of curing various diseases, it is also called as a magical herb [2]. In Ayurvedic system of medicine, the plant is referred to as a most important traditional remedy for diabetes [3,4].  It has been used in the treatment of jaundice, rheumatism, urinary disorder, skin diseases, diabetes, anaemia, inflammation, and allergic condition  ADDIN EN.CITE [5-11]. 

It contains a variety of phytoconstituents like alkaloids, cardiac glycosides, tannins, flavonoids etc. which present in different parts of the plant [12,13].  Among all phytoconstituents, it contains rich amount of berberine and rutin (Figure 1). Both the phytoconstituents are important active principles which have been used for quality control and standardization of plant and its formulation as a marker compound.

Figure 1: Chemical structure of berberine and rutin
A comprehensive survey of the literature has revealed that no analytical methods have been reported for the simultaneous estimation of berberine and rutin in plant extract and its formulations  ADDIN EN.CITE [14-17]. Therefore, the aim of present study was to develop a simple, inexpensive, selective, specific, reproducible, and robust high-performance thin layer chromatographic (HPTLC) method for the estimation of berberine and rutin in plant extracts and their marketed tablet formulations. The proposed method was validated using the International Conference on Harmonization (ICH) guidelines  ADDIN EN.CITE [18-21].

2.	MATERIAL AND METHODS
2.1.	Plant material and herbal formulations 
Tinospora cordifolia plant species were cultivated in Botanical Garden, Maharshi Dayanand University, Rohtak, Haryana, India using plant accessions of the species procured from Chaudhary Charan Singh Hisar Agriculture University (CCSHAU), Hisar, Haryana, India. Stem cuttings of the cultivated plant were used for further analysis. Two traditional ayurvedic marketed formulations containing Tinospora cordifolia were selected i.e. Guduchi tablets (Himalaya Herbals) and Divya arshkalp vati (Divya Pharmacy). These formulations were purchased from the local market and used for quantification of berberine and rutin. All chemicals utilized were of analytical grade and acquired from Merck Limited. Berberine hydrochloride (CAS 141433-60-5 (​https:​/​​/​www.sigmaaldrich.com​/​catalog​/​search?term=141433-60-5&interface=CAS%20No.&lang=en&region=US&focus=product​); purity: 99% w/w) was purchased from Sigma Aldrich. Rutin (CAS 153-18-4 (​https:​/​​/​www.sigmaaldrich.com​/​catalog​/​search?term=153-18-4&interface=CAS%20No.&lang=en&region=US&focus=product​); purity: 99% w/w) was obtained from YUCCA chemicals, Mumbai, India. Merck aluminium backed silica gel TLC plates coated with flourescent indicator F254 were used for the study.

2.2.	Extraction 
Around 20 g of air-dried sample (stem cuttings) was grounded to pass through 20 mesh SS sieve and 5 g from it was accurately weighed and refluxed with 50 ml of methanol for around 2 h. The subsequent solutions were filtered and concentrated using rotary evaporator. 10 mg of the extract was then taken and transferred to 10 ml volumetric flask. 10 ml methanol was added to make concentration 1000 µg/ml [16].

2.3.	Preparation of sample and standard solution 
A 1000 µg/ml solution of plant extract and both the formulations (Guduchi tablet & Divya Arsh Kalp Vati) were prepared in methanol as a sample solution. A 100 µg/ml solution of berberine hydrochloride and 1000 µg/ml solution of rutin reference standard was prepared in methanol as a stock solution.
 
2.4.	Chromatography 
A CAMAG (Muttenz, Switzerland) HPTLC system outfitted with a specimen tool Linomat V with CAMAG test syringe, 100 µl, twin trough plate development chamber (20 x 10 cm), TLC Scanner 3 and computer programming WINCATS 1.4.8 was used for analysis. Sample solutions, standard solutions of berberine hydrochloride and Rutin were used for simultaneous quantiﬁcation of berberine and Rutin in plant extract and formulations. 

2.5.	Preparation of calibration curve and simultaneous quantification of berberine and rutin in herbal formulations
The different volume of standard stock solution 2, 4, 6, 8, 10, 12 and 14 µl was spotted on HPTLC plate (20 x 10 cm) both for berberine and rutin followed by spotting of 4 µl of sample stock solutions (extract and herbal formulations)  in triplicate. Samples were applied as bands 4 mm wide keeping 12 mm distance from the left edge using CAMAG Linomat V applicator with 100 µl test syringe at a steady application rate of 150 nLs-1. Mobile Phase used was n-hexane, ethyl acetate, glacial acetic acid, and methanol (10: 1.1: 1.1: 2.5) (v/v/v/v). Horizontal elution of 20 minutes was followed in the chromatography process. After development, plates were dried and observed in CAMAG TLC visualiser at 254 nm. The developed plate was then scanned at 254 nm using CAMAG TLC densitometric scanner 3 incorporated with WINCATS 1.4.8 programming. 

2.6.	HPTLC method validation
The method was validated as per the ICH guidelines and earlier cited literature [18,22]
2.6.1.	Linearity and range
The linearity and range validation studies were determined using the calibration curve by applying different concentrations.

2.6.2.	Instrumental precision (TLC densitometer scanner)
Instrumental precision of TLC densitometer scanner was checked by repeated scanning (n=6) of the same spot of berberine (0.4 µg/spot) and rutin (4 µg/spot) respectively and communicated as the relative standard deviation (% R.S.D.). 

2.6.3.	Repeatability 
The repeatability of the strategy was afﬁrmed by analyzing 0.6 µg/spot of berberine and 6 µg/spot of rutin respectively on TLC plate (n=6) and communicated as % R.S.D. 

2.6.4.	Inter-day and intra-day variation
Variability of the technique was considered by analyzing 0.4, 0.6 and 0.8 µg/spot of berberine and 4, 6 and 8 µg/spot of rutin around the same time (intra-day precision) and on diverse days (between day precision) and the outcomes were communicated as % R.S.D. 

2.6.5.	Limit of detection and limit of quantiﬁcation
For the assessment of limit of detection and limit of quantiﬁcation distinctive concentrations of the standards berberine and rutin respectively were applied alongside methanol as blank and decided based on a signal to noise ratio. LOD was resolved at a S/N of 3:1 and LOQ at a S/N of 10:1. 

2.6.6.	Accuracy
The accuracy of the method was measured by performing recovery experiments at three different levels (50%, 100% and 150% addition of berberine and rutin respectively) utilizing the standard addition method. The known measures of berberine and rutin standards (0.2 and 2µg/spot respectively) were added by spiking. The estimations of % recovery and average % recovery for berberine and rutin was computed.
2.6.7.	
2.6.8.	Speciﬁcity
Speciﬁcity was ascertained by analyzing standard compounds and samples. The bands for berberine and rutin from sample solution was conﬁrmed by comparing the Rf and spectra of the bands to those of the standard. The peak purity of the compound was examined by comparing the UV spectra of the sample and standard berberine and rutin.

2.6.9.	Robustness
Robustness was carried out to evaluate the influence of small but deliberate variation in the chromatographic conditions for the determination of berberine and rutin. Robustness of the method was determined by changing the mobile phase composition, mobile phase volume and duration of mobile phase saturation.

2.6.10.	System suitability
System suitability was determined by applying freshly prepared standard solution of berberine and rutin, concentration 0.8 µg/spot of berberine and 8 µg/spot of rutin, 6 times to the same chromatographic conditions then scanned and densitograms were recorded. 

2.7.	Estimation of berberine and rutin in herbal formulations and plant extracts
The sample solution of formulations and marketed herbal formulations and plant extracts were applied in triplicate. The developed mobile phase consisting of n-hexane, ethyl acetate, glacial acetic acid and methanol.  Rf value of the sample was compared with berberine and rutin spots respectively and content of berberine and rutin in the extract of Tinospora cordifolia was determined using calibration curve as described above while simultaneous quantification of berberine and rutin.

2.8.	Determination of antioxidant activity by DPPH (2,2-diphenyl-1-picrylhydrazyl) method using HPTLC





Several mobile phases were tried to get optimized mobile phase. The developed mobile phase consisting of n-hexane, ethyl acetate, glacial acetic acid and methanol (10:1.1: 1.1: 2.5) (v/v/v/v) gave better, sharp and well-defined peak resolution for both standards (Berberine and rutin) as well as a sample (Figure 2). Developed HPTLC method resolved the standard compound at Rf  value of nearly about 0.64 for berberine and 0.47 for rutin confirming presence of Berberine and rutin in plant extract visualised by band parallel to standards (Berberine and rutin) spot along with other resolved components in developed TLC plate. The TLC plate was scanned at 254nm and the identity of berberine and rutin bands in the sample chromatogram was conﬁrmed by the 3D chromatogram (Figure 3) obtained after densitometric scanning. The developed method provided a combined analytical protocol for both the standards berberine and rutin in a single run using same mobile phase, thus provided the advantage of simultaneously analysing the more than one standard of herbal formulations.

3.2.	Calibration curve
The calibration curve was linear in the range of 0.2-1.4 µg /spot for berberine and 2-14 µg/spot for rutin respectively. Linear regression data for the plot confirmed the good linear relationship. Calibration equation and coefficients of correlation are presented in Table 1 together with LOD and LOQ values which indicate the adequate sensitivity of the method. The linear regression of berberine standard curve was determined with R2 ± SD= 0.988 ± 9.40%. with regression line; y = 7.121x + 2227.880. The regression curve of rutin was determined with R2 ± SD= 0.991 ± 2.21%. with regression line; y = 1150.985x + 13225.000 (Figure 4)

3.3.	Method Validation
The TLC densitometric method was found to be precise with %RSD of 0.80 for the instrumental precision of berberine and 0.68 for rutin (Table 2). The average percentage recovery of berberine at three different level (50%, 100% and 150%) was found to be 96.30 % and for Rutin it was found to be 94.89% indicating the accuracy of the method was good.
The method was found to be specifically confirmed by overlapping UV spectra of standard berberine and rutin with the sample at 254 nm.  Further Low %RSD value of 0.79-1.33 for berberine and 0.72-1.86 for rutin (between the peak area values) proved the robustness of the method. System suitability was affirmed by obtaining low %RSD value of 0.68 and 0.48 for berberine and rutin at 0.8 and 8µg/spot for respectively (n=6). The contents of berberine quantiﬁed using HPTLC was found to be 5.48 % in the extract, 0.76% in Guduchi tablet and 0.93% in Divya Arsh Kalp Vati using the same mobile phase. The amount of rutin quantified was found to be 1.13 % in the extract, 5.20 % in Guduchi tablet and 2.35% in Divya Arsh Kalp Vati using the same mobile phase.

3.4.	Antioxidant activity of the Tinospora cordifolia extract by DPPH derivatisation method
Densitogram of reference standards (berberine and rutin) after DPPH derivatization exhibited a concentration-dependent reduction in peak area. Concentration-dependent reduction in peak area of all reference standards after DPPH derivatization proved that concentration at about 50% reduction in peak area (Figure 5 and 6) can be used to assess the antioxidant potency of the compound. Berberine was found to be active DPPH radical scavenger than rutin (Table 3). The presence and absence of antioxidants berberine and rutin can be used to differentiate the polyherbal formulation containing Tinospora cordifolia as an ingredient.

Natural antioxidants found in plant extracts play a key role in biological system antioxidant defence and act as free radicals  ADDIN EN.CITE [23-25]. A wide range of HPTLC techniques can be used to separate polyphenols from each other and from other components of the plant's extracts. The components of plant extracts that have antioxidant characteristic or radical-scaping properties are often screened in complex crude plants for antioxidant activities. HPTLC has been used to assess the antioxidant ability of target compounds, and regular chemical or biological screening may be of interest to it and it can overcome real analytical challenges [22].

CONCLUSION
The HPTLC method was developed and validated for the determination of Berberine and rutin in Tinospora cordifolia extract and formulations, which showed the presence of  berberine be 5.48 % in extract, 0.76% in Guduchi tablet and  0.93% in Divya Arsh Kalp Vati and rutin as 1.13 % in extract, 5.20 % in Guduchi tablet and 2.35% in Divya Arsh Kalp Vati. The method was found simple, rapid, accurate, speciﬁc and robust for the analysis of berberine and rutin in crude drug using the same method. 
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Figure 1: Chemical structure of berberine and rutin
Figure 2: Chromatograms of the standard rutin and berberine at 254nm obtained after 20 minutes elution 
Figure 3: TLC plate scanned at 254nm showing rutin and berberine bands in the 3D sample chromatogram. The peak corresponding to rutin and berberine from the sample solution had same retention factor as that from standard rutin and berberine (Rf 0.47 and 0.64 respectively)
Figure 4: Standard curve of (a) berberine and (b) rutin
Figure 5: Peak of berberine showing concentration before and after DPPH derivatization method a) before derivatization (conc. 1.13%) b) after derivatization (conc. 0.53%) 
Figure 6: Peak of rutin showing concentration before and after DPPH derivatization method (conc. 5.48%) a) before derivatization b) after derivatization (conc. 2.34%)
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